In the case of many insects and other invertebrates, basic biology and life history information are unknown. Before protecting a species under the law, we must have, at a minimum, information on the biology, distribution, and threats to the species, not to mention clear documentation of its decline. In the long run, more funding should be allocated to invertebrate survey, systematics, taxonomy, and population ecology so that these species can be identified and cataloged and their life histories understood. ESA members are vital to this effort.
The Time is Now
The number of endangered insects is large, and it is growing. The rate of destruction and degradation of natural habitats is so rapid that we lack sufficient biologists to catalog, much less study, many of the species that are on the edge of extinction. It is vitally important for entomologists to support the Endangered Species Act so that these important animals will be around for future generations of entomologists to enjoy.
Scott Hoffman Black is Executive Director of the Xerces Society for Invertebrate Conservation. For over fifteen years he has successfully worked with small issues groups and large coalitions advocating science-based conservation. He has degrees in ecology, plant science, and entomology from Colorado State University. 7
Conserving the Ecological Services Provided by Insects

John E. Losey and Mace Vaughan
S ervices Provided by Insects and Their Economic Value
Ecological services are a subset of ecological functions that are valuable to humans. The "value" of these services can range from being irreplaceable and necessary for our survival (e.g., crop pollination), to replaceable but at a high economic and often environmental cost (e.g., pest control), to those that add economic value to human enterprises but whose absence does not prevent their completion (e.g., dung decomposition). Due to extreme diversity of form and function, ubiquity across a wide range of habitats, their to sustain high population densities, and vagility, insects are key providers of many ecological services (Kremen and Chaplin-Kramer 2005) .
Each of these services has a substantial economic impact, although estimating their value is not trivial. For pest suppression, most potential pest species are held below economically damaging levels by natural enemies. One line of evidence for this is that only 35% of introduced pests were pests in their home range (see citations in Losey and Vaughan 2006) . Combining this with an estimate of potential losses makes it possible to calculate pest losses prevented by insects.
Although plant populations would be decimated without predators to keep herbivores in check, most flowering plants could not produce seed without insect pollinators. By determining the dependence of crops on pollination and the proportion of that role which is filled by honey bees, Morse and Calderone (2000) provide a framework for estimating the value of pollination by native insect pollinators.
Dealing with the waste products from herbivores also falls in large part to insects. Confining large mammalian herbivores in small areas creates challenging waste management problems. Invertebrates, especially dung beetles, play a vital role in decomposing this waste. Through this process, pest habitat is reduced, forage palatability is enhanced, and nitrogen is added to the soil.
Perhaps less obvious but no less important are the cultural services provided by insects that add aesthetic and recreational value to our environment. Americans spend an estimated $49 billion annually on hunting, fishing, and observing insectdependent wildlife. A substantial proportion of this spending goes directly to insect observation.
There are certainly other important services, such as the decomposition of dead plant material that recycles nutrients and decreases the frequency and severity of forest fires (a regulating service), but we do not have deep enough understanding of how they work to suggest how these other services might be assigned a value or conserved.
We restrict our focus to services provided by "wild" insects, and we do not include services from domesticated species (e.g., Apis mellifera) mon species than to save one species that is on the brink of extinction.
One aspect that has nothing to do with species richness or density is the origin of endangered and service species. All federally listed endangered species are of native origin, whereas many (perhaps most) of the species complexes that provide services include exotic species. In fact, many important complexes, such as coccinellids, are dominated by exotic species (Harmon et al. 2007 ).
These three factors-focal unit, density, and origin ( Table 2 )-determine that although the Endangered Species Act provides the most effective protection for endangered species, it is not an effective tool for conserving service species. A group of common exotic species will never be federally listed as endangered species. However, the fact that service species usually provide a positive economic benefit to the landowner and the fact that extinction, if it does occur, will be local and short-term do provide some unique opportunities for conservation.
Conserving the Services that Insects Provide
Efforts to conserve endangered species are most often undertaken by the federal government under the auspices of the Endangered Species Act or by conservation groups, such as the Xerces Society for the Conservation of Invertebrates. Although there are some notable examples of "hands-on" volunteer efforts to save endangered insect species, the role of the public is most often one of contributing money, either through taxes that support the USFWS or donations to conservation groups. The personal input and even presence of the public are actively avoided; the locations of the rarest species are not released. Individuals and groups often protest the designation of areas as protected habitats for endangered species because this designation limits their use of the land.
In contrast, the existence of service species almost inevitably implies an economic benefit to landowners. If they are made aware of the potential benefit and given some reasonable strategies for conserving the service, landowners may volunteer to do so as part of the overall land management activities. In fact, the scope of insect services is so broad that locally targeted conservation efforts by governments or agencies are seldom cost-effective.
or mass-reared insect species (parasitoids such as Trichogramma spp.). We eschew these groups because although Colony Collapse Disorder has shown that these insects may experience declines, a large amount of time and resources is already expended to maintain these species as service providers. Wild species often provide equal or greater value, but very little effort is expended to facilitate the services they provide, less is known about how they function, and they may be very difficult to replace. Losey and Vaughan (2006) estimated the annual economic value of these four services to be at least $57 billion (Table 1) in the United States, based on projections of losses that would accrue if insects were not functioning at their current level. This estimate includes only those aspects of services for which data was available. It is thus a fraction of the value for all the services insects provide.
Contrasting Endangered and "Service" Species
Most conservation efforts and resources expended for insects in the United States are directed toward preserving specific populations of species that are in danger of short-term extinction. Most insects that provide essential services are not, at least at the present time, rare or endangered (note that important exceptions to this rule of thumb include the once-common bumble bees in the subgenus Bombus, sensu stricta). The optimal strategies for conserving these common, but often declining, beneficial insects are very different from those that are effective in conserving rare and endangered insects. An understanding of the differences between the two groups (Table 2) will help determine the optimal strategies for conserving service species.
One significant difference is that endangered species are, by definition, single species, whereas services are almost always provided by a complex of species. This can make the conservation of services more challenging because there is not a single species to target, but that can also provide a safety net because local extinction of one service species is often compensated for by others.
Another important difference is that endangered species are almost inevitably very rare, whereas a species complex must be common to provide important services. This is a positive aspect for conservation of service species because it is generally easier to protect or facilitate a group of com- The greatest potential for the conservation of the services insects provide lies in the development and dissemination of low-cost, simple strategies for local service maintenance on individual land holdings (e.g., Vaughan et al. 2007) . These strategies will fall mainly into avoiding unnecessary mortality through informed pest management (e.g., pesticide selection and timing; Reidl et al. 2006) S ystematics, broadly defined, concerns the description and documentation of biodiversity in space and time; it is inherently descriptive. At large spatial and time scales, it involves the characterization of entire clades of organisms that evolved over millions of years and today are distributed around the globe. Smaller scale systematic studies focus on single species or populations, documenting their morphological, molecular, or behavioral characteristics and the geographic distributions that make a species or population a unique element of biodiversity.
The fields of conservation biology and systematics share many attributes and goals. Both focus on biological patterns and phenomena at or above the species level; both depend critically on data obtained via field work; and both benefit from a strong understanding of the natural history and ecological interactions of the organisms being studied. Despite these great similarities, these two fields can appear, at times, to be at odds with one another. One point where their agendas may seem most at odds is the generation of biological specimens for natural history collections. Intuitively, a single specimen, pinned and labeled, in a museum drawer is one less individual occurring naturally in the environment. However, my intention in this brief article is to demonstrate that "collecSystematic Imperative: Critical Knowledge for Effective Conservation
